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360a Tuesday, February 10, 2015previously-published electrical membrane model to map the theoretical angular
area affected by these nsPEFs. The tests further establish the effectiveness of
SHG probes, in our case Di-4, as a tool for observing subtle membrane alter-
ations and document the extent to which electric fields of varying pulse param-
eters affect the cellular membrane.
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The islet of Langerhans is a complex aggregate of cells ~100 mm in diameter,
which plays a central role in glucose homeostasis through the regulated secre-
tion of glycolytic hormones. However, the mechanisms underlying these secre-
tions are not yet fully understood. The behaviors of individual islet cells
completely change when they are dislocated from the islet environment, so it
is essential to choose experimental approaches that permit investigations in
the whole islet. Fluorescence microscopy is well-suited to functional imaging
in biological samples, thanks to its specificity and non-invasive quality. Selec-
tive Plane IlluminationMicroscopy (SPIM) has been proven to be a useful tech-
nique for imaging thick samples. It provides intrinsic optical sectioning by
specifically illuminating the sample with a thin sheet of light, yielding the im-
aging speed of a conventional widefield microscope coupled with less photo-
bleaching compared to confocal imaging techniques. We have developed a
version of the inverted SPIM (iSPIM) [Wu et al., 2011. PNAS 108:17708-
13] on a widefield inverted microscope, to study the functional behavior of
intact mice islets of Langerhans. By scanning the light sheet through the static
sample, it is possible to obtain a volume reconstruction of the whole islet in less
than 3 seconds, enabling the study of fast dynamics within the islet. Moreover,
the resolution provided by a 0.8 NA objective allows for definitive measure-
ments of individual cell’s functional details within the islet milieu. Together,
the results demonstrate the multi-purpose capability of this technique.
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Single particle tracking (SPT) in living cells is a quantitative and non-invasive
tool for cutting through the complexity of intracellular dynamics. For example,
the rates of macromolecular binding and dissociation events can be determined
by monitoring the change in diffusion rates for individual labeled protein mole-
cule that bind something relatively immobile, such as chromosomal DNA, the
membrane or a ribosome. We have developed an analysis suite, vbspt.source-
force.net ( Persson, Linde´n et al. Nat. Methods 2013), that uses a Bayesian
treatment of hidden Markov models to learn the number of diffusive states
and their inter-conversion rates from position trajectories of diffusing particles
with random jumps in diffusion constant.
However, reactions and diffusion in the living cell is more complex than the
model assumptions used by vbSPT. For example, processive reactions such
as transcription or translation will result in non-exponential residence times
in the DNA or mRNA interacting states for the RNAP or the ribosome respec-
tively. Furthermore, the limitations of optical imaging of rapidly diffusive mol-
ecules of finite brightness will make the position of detected molecules in each
frame inaccurate and correlated between consecutive frames.To learn more
about how such effects influences our analysis and limits the kind of mecha-
nisms that can be resolved, we have developed computational tools to simulate
live cell SPT, using a combination of reaction-diffusion kinetics and photophy-
sics models. These simulations include more physical realism than the models
on which vbSPT are based, which makes them suitable for optimizing experi-
mental conditions and to improve the analysis methods.
I will give a brief overview of our recent and ongoing single particle tracking
projects (Hammar et al., Nature Genetics 2014, Sanamrad etal. PNAS 2014)
and describe unpublished improvements in analysis methods based on simu-
lated microscopy.
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Wales, Sydney, Australia.Viruses have developed mechanisms of cellular entry over millions of years
and shape has evolved as a critical feature to overcoming cellular barriers
which restrict access to a target destination. The efficiency with which
pathogens overcome cellular barriers raises the question whether drug car-
riers can be designed to take an ‘optimal’ route and enhance the efficacy of
chemotherapeutics. Mapping molecular mobility across cellular compart-
ments, however, has been difficult since live cell imaging has insufficient
spatiotemporal resolution to follow a population of molecules in real
time. Here, we used pair correlation analysis, a form of correlation spec-
troscopy, to map the molecular mobility of polymeric nanoparticles with
millisecond and sub-micron resolution across subcellular compartments.
We measured differences in nuclear accessibility for polymeric nanopar-
ticles of different shape that correlates with doxorubicin toxicity. The latter
was caused by efficient drug release in the nucleus by pathogen shaped
carriers.
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Super-resolution localization microscopy techniques like photoactivated
localization microscopy (PALM) and stochastic reconstruction microscopy
(STORM) can be used to locate proteins in cells to a resolution of 10 nm
which, along with other recent super-resolution techniques, has revolution-
ized the field of fluorescence microscopy. However, even super-resolution
fluorescence microscopy lacks the ability to see detailed structure surround-
ing the proteins in the way that electron microscopy (EM) has been able to
do for decades. Here, we combine interferometric PALM (iPALM) with EM
tomography of mammalian cell cortex platinum replicas to localize clathrin-
associated proteins on clathrin coated structures in three dimensions at a res-
olution ~20 nm. We specifically pinpoint the position of clathrin and epsin
on clathrin coated pits and find that epsin is positioned on the outer perim-
eter of clathrin coated plaques and along the height of the sidewalls of
clathrin-coated pits. We continue to enhance this method with changes in
sample preparation and we are using the method to study the nanoscale or-
ganization of membrane-associated proteins in multiple different mammalian
cell lines.
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Virtually all cellular processes depend on networks of highly dynamic protein-
protein interactions (PPIs). Hence, deciphering cellular functions at the molec-
ular level requires investigating the spatiotemporal characteristics of PPIs
precisely within the context of these signaling networks. However, there is
accumulating evidence that protein complexes are often organized into micro-
domains or nanodomains whose size is below the diffraction limit and thus
cannot be sufficiently characterized using standard imaging techniques.
Despite the tremendous progress in establishing and refining super-
resolution imaging techniques for fluorescently labeled proteins in live cells,
observation of protein-protein interactions (PPIs) in super-resolution remains
challenging. To address this problem, we developed a strategy in which PPIs
induce reconstitution of different fluorescent proteins, whereupon these inter-
actions are resolved in super-resolution using Stochastic Optical Fluctuation
Imaging (SOFI) within 30 minutes after complex formation. We employed
this reconstituted fluorescence based SOFI (refSOFI) to investigate the inter-
action between the endoplasmic reticulum Ca2þ sensor STIM1 and the pore
forming channel subunit ORAI1, a process crucial for store-operated Ca2þ en-
try. We found that STIM1-ORAI1 interaction puncta exhibit a smaller size
than that suggested by current fluorescence microscopy-based assessments.
Moreover, we discovered that the density of these punctate structures is not
necessarily dependent on their size. In fact, we observed that STIM1-
ORAI1 activation predominantly leads to the formation of new, smaller
puncta instead of larger complexes. However, we identified that other perturb-
ing factors can significantly change the size of puncta. These insights criti-
cally depend on the obtained super-resolution information. In conclusion,
refSOFI represents a versatile tool to examine PPIs in living cells in super-
resolution.
